I. INTRODUCTION Resonantly enhanced multiphoton ionization (REMPI) of atomic and molecular gases has been used successfully to produce an ionization channel for guiding electron beams. ' Currently, benzene is the gas that has received the most attention because of its large two-photon ionization cross section" and its spectral overlap with the KrF laser spectrum. However, practical limitations on the use of benzene in this application arise from the molecular decomposition that occurs during the propagation of an intense electron beam. Therefore we have studied the possibility of using two-photon resonant excitation, three-photon ionization [(2+1) REMPI] in rare gases to create the ionization channel. Xenon is a particularly attractive ionization medium for this application because it is a heavy atom that will not have the molecular decomposition problems associated with benzene (see Ref. 5 for similar studies in krypton). Two-photon absorption in Xe using broadband KrF radiation was first reported in 1979. Later work showed that tunable KrF radiation could be generated to resonantly excite the two-photon transition.
These experiments suggested that (2+ 1) REMPI could be possible for producing ionization channels. However, the twophoton excitation cross section must be large to produce the large ( )10%%uo) ionization yields needed for this application. We report here the results of measurements of the absolute two-photon absorption cross section and excited-state ionization cross sections in xenon.
In xenon, two-photon excitation cross sections from the 5s 5p 'So ground Pindzola, Payne, and Garrett. ' Two theoretical calculations exist for the photoionization cross section from the 5p 6p configuration. Pindzola' calculated the ionization cross section from the 2p5 state using single-particle Hartree-Fock and Dirac-Fock calculations, and Chang and Kim, ' using single configuration calculations, calculated an average ionization cross section from the 5p 6p configuration. These two theoretical results agree within a factor of 2.
In our work, two-photon and photoionization cross sections have been determined for the 2p5 The two-photon cross sections at line center cr ' '(0) were determined by following the procedure outlined in 
where ( ) denotes the expected value and p(F) is the probability density function for the ionizing laser fluence. Assuming a Gaussian probability density function for the laser fluence distribution truncated to F =0, we obtain
where Fo=(F) is the average laser fluence, a is the half-width at half-maximum (HWHM) divided by the average fluence (i.e. , a is a dimensionless quantity), and C ts chosen such that
That is,
In particular, we note that, in the limit r, /ra~0, the function g will attain the value exp( o;,"Fo) -as expected. S(Fo ) is plotted for different values of r~Iro in Fig. 6 , and the error of the determined cross section assuming uniform laser fluence as a function of r, Iro is shown in Fig. 7 (closed circles). For Gaussian beams, it is, in principle, easy to compensate for the error analytically; however, if an analytical compensation is to be made, the overlap between the two beams is a critical parameter. In our case r, /ra &0.5 and the photoionization cross sec- 
erf(x}= -j e~dy . V'~0 (17) For a(0.5, Abs(C -1) &0.01; thus, for such a, the probability function is very close to Gaussian. If Eq. (14) is inserted in Eq. (13) 
IV. RESULTS
The two-photon cross section as expressed in Eq. (1) is strictly the product of the actual two-photon absorption cross section and G (0), the second-order intensity correlation at time zero (cf. Ref. 16 ). More strictly, according to the definition for the second-order intensity correlation for pulsed lasers given in Ref. 27, G (0) 
